Abstract. The heat budget of a cross-shelf section extending 16 km offshore of the outer banks of North Carolina is studied during two time periods: August 1994 and October 1994, using data collected as part of the Coastal Ocean Processes (COOP) Inner Shelf Study. Heat budgets are computed on two different timescales: monthly averages over August and October, which reflect seasonal variations, and a fluctuation budget, which reflects variation on daily to weekly timescales. During August, a period of strong stratification, the increase in the area-averaged water temperature (approximately 3.2øC) was due primarily to the surface heat flux.
by highly variable meteorological forcing [Austin and Lentz, this issue] (hereinafter referred to as AL), and the observed circulation reflects this [Lentz et al., this issue] . During the field program, the character of the shelf changed from strongly vertically thermally stratified to weakly stratified. By comparing mean and fluctuation budgets between these two distinct time periods, the role of thermal stratification in determining the primary sources of heat content and its variation can be assessed. In addition, by developing relationships between each of the sources of heat and the alongshore wind component, a simple model of thermal variability can be constructed and applied to historical data from the region. Additionally, the robustness of the seasonal variation in the strength of the source terms can be studied.
The rest of the paper is organized as follows. In section 2, the field site and instrumentation are described and the heat budget method is presented. Section 3 is an outline of the data collected, section 4 presents the heat budgets themselves, and section 5 consists of a discussion of the link between the alongshore wind stress and the heat budget, along with the application of a simple model to historical data. Section 6 is a short summary. 
Field Site

Heat Budget Equation
The basic method for defining and estimating the values of the heat budget terms is taken from Dever and Lentz [1994] . The heat budget is applied to a two- 
Temperature Data
The primary difference in the character of the water column between August and October was the change in vertical thermal stratification, from a highly stratified, layered water column in August (Figures 3c-e) to a weakly stratified water column in October (Figures 4c-e) . The change in stratification from August to October was due primarily to a storm event starting a stronger (or longer) wind event was required to advect the thermocline past the mooring. Homogenization was not observed at d3 until a large downwelling-favorable wind event at the beginning of September, which homogenized the water at the d3 site through both advection and mixing. These upwelling and downwelling events will be shown to have caused the largest fluctuations in the total heat content of the shelf during August. The offshore displacement of the thermocline during upwelling and downwelling is considered in the discussion and in a subsequent paper. In October, the average temperature dropped from about 21øC to 17øC (Figures 4c-e) . The water column was well mixed in temperature except during small surface thermal restratification events, which generated 
The Heat Budget
The heat budget is considered on two timescales: first, the mean heat budget averaged over the August and October time periods, and second, the fluctuation heat budget for variation on daily to weekly timescales.
Mean Heat Budget
The mean heat budgets for August and October (Table 1) reflect variation in the heat budget on seasonal 
Fluctuating Heat Budget
The fluctuating budget indicates the primary source of variation in the heat content of the region on synoptic timescales. High-frequency variation such as the diurnal shortwave radiation cycle and tides have been removed by low-pass filtering, so most of the remaining variation is due to fluctuations in atmospheric forcing associated with synoptic weather systems.
Variation in the heat content in August is due largely to the cross-shelf heat flux (Table 1 and 
SHF
Role of the Alongshore Wind
The alongshore wind plays a central role in determining coastal circulation, and has been studied in many contexts [Csanady, 1977; Allen, 1973 
Simple Wind-Driven
Models and the
CoOP Data
In this section, the regression between the heat flux terms and the alongshore wind stress is estimated using a simple model and compared to the best fit, in the least squares sense, between the measured heat flux terms and the alongshore wind stress. The regression coefficients from the observations are denoted by F, which represents the strength of the influence of the alongshore wind stress on a given term in the heat budget. The dependence on the alongshore wind stress in the simple dynamical models is denoted by a corresponding 
where rSHF --n L,
and n is a transfer coefficient between the alongshore wind stress and the surface heat flux. Since no dynamical model exists to determine the value of n, it must be determined empirically from field observations, so that n = rsrL ( 
The total heat flux into the region is given by (2). Similarly, the total heat flux into the region is modeled as
so that
FHF --FCH F -]-FSH F -]-FAH F. (12)
The model for the change in temperature is Fo,(STO ) --FHF , 
